AD=A097 339

DYNAMICS RESEARCH CORP WILMINGTON MASS F/6 973

DIGITAL AVIONICS INFORMATION SYSTEM (DAIS). VOLUME I. IMPACT OF==ETCI(U)
MAR 81 J C GOCLOWSKI+ J M GLASIER F33615-75-C~5218

UNCLASSIFIED AFHRL-TR=-81-4(I} NL




AFHRL-TR-81-1(1)

AIR FORCE ®
- -

LMV OWVMD =>4 CT

r~

j

VL @

DIGITAL AVIONICS INFORMATION SYSTEM (DAIS):
IMPACT OF DAIS CONCEPT ON LIFE CYCLE COST

R

By

John C. Goelowski
John M. Glasier
Marjorie A. Briswol
Jonathan T. Frueh
Dy namies Research Carporation
6 Concord Street
Wilmington, Massachusetts 01887

H. Anthony Baran

LOGISTICS AND TECHNICAL TRAINING DIVISTON
Wright-Patterson Air Force Base. Ohio 13133

DT!C

March 1981 ELEC ,
Final Report APR O 6 1981 o

F

Approved for public release: disttibution untimited,

LABORATORY

AIR FORCE SYSTEMS COMMAND

BROOKS AIR FO SE,TEXAS 78235
8T 6 012




NOTICE

When LS Government drawings. specifications. or other data are used for any purpose other
than a definitely related Government procurement operation, the Government thereby incars
no responsibiliny nor any obligation whatsoever, and the fact that the Government may fave
formulated. furnished. or inany way supplied the said drasings. <pecilications. or ather data
i~ ot to be regarded by implication or othersise as inans nanner licensing the holder aran
other person or corporation. or convesing ans rights or permission o manulacture, use, or <ell

any patented invention that may in any way be related thereto.

This tinal report was ~ubmitted by Dyvnamics Research Corporation. 60 Concard Street
Wilmington, Massachuosetts OI887. under Contract F33085-75-C-0248. Praject 2050 with the
Logisties and Technical Training Divicion, Air Force Haman Resources Laborators €A,
Wright-Patterson \ir Foree Baseo Ohio 158880 Meo Ho Anthonsy Baran was the Contraat

Manager for the Laboratory.

This report has beew revieswed by the Office of Public Affairs (PA) and i rebeasable 1o the
National Technical Information Seeviee OVTISL G NTIS G0 will be available 1o the general

public_including foreign nations,
Thi~echmical report has been reviesed and i< approved for publication.
ROSS T MORGAN. Techmieal Divector

Logistie~ and Technical Training Diviston

RONMALD W OTERRY. Colonel, USAF

Commander

et g e AR AR s B ol o L . . 5
R I 0 R EE T R e RN T

L ——




Unclassified

SECUﬂIT} C\;\SSIFICAHON OF THIS PAGE (When Dats Entered)

! ' REPORT DOCUMENTATION PAGE perREAP INSTRUCTIONS

2. GOVT ACCESSION NO.[ 3. RECIPIENT'S CATALOG NUMBER

] i FFRB10) | v X,
: A -4e ( i
4. TiTLE (and Subtitle) . TYPE OF REPORT & PERIOD COVERED

Y r’ ;
{gl( JITAL GVIONI

NFORMATION §YSTEM (m,w.v = T,'Fi"ﬂ' ot
MPACT OF DAL GONCEPT ON LIFE (YCLE COST,

i
&. PERFORMING ORG. REPORT NUMBER

lmar)__— ) / N 8. CONTRACT OR GRANT NUMBER(s)
L John C. Goclowski { Jonathan T/Frueh -

BN oy - - ey !
John M. Klasier \/ H. Anthony Baran _ 7“3 3015-75-C-5218 |,
| Marjorie \/anlol ‘ / SR
{9 PERFO mmam NAME AND ADDRESS 10. PROGRAM ELEME NTT ROJECT T ASK
Dynamics Research Corporation AREA & WORK UNIT NUMBE
60 Concord Street S 032438 .
Wilmington. Massachusetts 01887 A¢ T205 10001
11. CONTROLLING OFFICE NAME AND ADDRESS ] /‘rz. REPORT DATE
HQ Air Force Human Resources Laboratory (AFSC) { Marah=#08 |
Brooks Air Force Base. Texas 78235 T3 NUMBER OF PAGES 1‘ P
76 L

X. MONITORING AGENCY NAME & ADDRESS({f different from Controlling Office) 15. SECURITY CLASS. (of thia report)

Logistics and Technical Training Division

ogs! L nelassified
Air Foree Human Resources Laboratory

Wright-Patterson Air Force Base. Ohio 15433 T5a DECLASSIFICATION DOWNGRADING
SCHEOULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release: distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If dilterent from Report)

18. SUPPLEMENTARY NOTES

The research reported herein was sponsored jointly by the Air Foree Human Resources Laborators. \ir Foree
Avionies Laboratory. and Air Force Logisties Command. It was performed and funded as partof the Digital Avionies
Information System Advanced Development Program.

19, KEY WORDS (Continue on reverse side i/ necessary and identify by block number)

Digital Avionies Information System maintenance eost analy sis

life cyele cost non-DAIS v DAIS coneepis

life cycle cost equations oprration and support cost

Life Cyele Cost Impact Model Realiability and Maintainability. Model

20 BSTRACT (Continue on reverass side if necessary end identify by block number)

he Digita) Avionies Information System (DAIS) approach to avionies design is a total sy stem concept rather than
a functional subsystem or hardware-oriented system. PALS uses common processing, information transfer. comral
and display. and support software elements (o serviee all avionies functional arcas on an integrated havis. Thus. the
DAIS architecture and core elements are not dedicated to any one specific avionie funetion. but are ased o perform
the tasks of many avionic functions with the avionic sensors and subsystems. This systems appraach '.m\..h.
flexibility to accommudate a wide variety of avionic configurations and missions. a~ well as redundaney e improve
availability. Standardization and n-plualmn of the core elements can reduce the Tife evele costs when major
modifications/retrofits of an avionic configuration are considered. or when applied across the fleet by redueing
unnecessary development proliferation and reducing maintenance costs. —

DD |:2:”7: 1473 U nelasailied

SECURITY CLASSIFICATION OF THIS PAGE When Data Entered:

il

e ——

e e e e e e




U nelassified

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

hem 20 (Continned)

\ limited assessment of the potential effects of the IS coneept on avienies system life evele costis provided in
this report by a cost comparison of a hypothetical application of a conceptual mid-1980< DAIS <uite veraus a
conventional avionies suite in a close-zir-support ((1\.\'% atrcraft. The impact of the DAIS concept on lite evele cost
(LCC) was determined by using the Life Cyele Cost Impact Model (LCCIME <y stem 10 compare the twa avionies
configurations. Several additional applications of the LCCIM were used (0 assess the impact of <tandardization.
retrofit, and intlation.

The results of this first-cut comparison of a DAIS versus a non-DARS avionies configuration indicate thit the 1.0
of DAIS is L3 percent lower for the selected seenario of 72 CAS aiveraft operating over a Di-vear period. Inflation has
been considered and shown to increase this difference 10 9.1 pereent, fn gene

ral. the fiigher procurement cost for o
DAIS configuration seems to be well offset by its recurring savings in manpower costs Standardization of DAIS core
clements will affect LCC as a function of the number of aireralt and aireraft types that <hare this commonalinn. Ty
demonstrate this fact, an analysis was made of the LCCimpaet of extending the DAIS concept application acrose <in
aireraft types, each with 72 aireraft, The LCC per aireratt was reduced by 5.5 pereent Goeluding only intlation factar)
W hen one subsvstem was added o the avionies configuration. the DALS configuration accommadated the change with
a H opercent lower impact on LCC

The second volume of this two velume report provides supplemental information concerning the cost comparison
which includes appendices, model output ceports. data vsed an the comparison. and detatls of the assumptions
governing the comparison,

Aceassion For
“wris GRAMI
LT r TAB

; IR ‘O'&hced D
HERITERE BT
‘v. . _
: BV' T X |
Disuibutten/ B
A:ntlabidity Codes

JAvail andfor

litge | -Speaiad
| n |
: |[

1 ncbasartied

SECURITY CLASSIFICATION OF THIS PAGEWhen DNers Fntered)

e




SUMMARY
BACKGROUND

This report describes an effort to identify and quantify the
potential impacts of a new concept of avionics integration on weapon
system personnel requirements and life cycle cost (LCC). The concept |
is the Digital Avionics Information System (DAIS) under development
at the Air Force Avionics Laboratory. The technigues and models
used in this analysis were developed specifically for the purpose
of analyzing the potential impacts of alternate designs on system
LCC based on data available in the conceptual stage of systems
development. The objective was to develop tools and techniques necessary
to assess the LCC implications of new system design concepts, and
use them in an analysis of the potential of the DAIS concept of
avionics integration to impact avionics LCC. This report describes
that analysis and presents its results.

APPROACH

As a preliminary investigation, the analysis reported here
provides a firm basis for gauging the possibilities afforded by the
DAIS approach (as yet an incompletely defined approach to avionics
standardization) to favorably impact the high cost and resource require-
ments of advanced weapon system ownership. The approach taken
was: to postulate a typical close-air-support (CAS) mission avionics
suite to serve as a baseline for comparing present day and DAIS
configuration specifications; to define, as much as possible, the effects
of a DAIS architecture on such a suite; and to identify and quantify
the differences between the standard and DAIS versions of the suite
in terms of support requirements and LCC.

The foltowing guidelines were used in the analysis reported
in this document.

l. Identification of the basic ground rules, assumptions, and
constraints under which the DAIS LCC impact analysis would
be conducted. The ground ruies defined a hypothetical application
of DAIS and non-DAIS configured avionics in a CAS aircraft,
The assumptions and constraints defined the logistic environment
ond costing guidelines.

2. ldentification of specific effects of a DAIS application with
a plan for comparing what could be considered a reasonable
DAIS application in an avionics suite to a suite which was
functionally equivalent but of conventional configuration. This
was accomplished through engineering analysis and the use
of the Life Cycle Cost Impact Model (LCCIM) developed as
a part of the overall effort.




3. Quantitication ot the cost ditference between the DAIS and
non-DAIS avionie suites vsing the LCCIM,

This report presents and discusses this comparative impact analysis
and describes some ot the limitations in concept detinition, scope
of application, and cost data availability which tend to bound the
definitiveness of this type of analysis.

RESULTS

Basically, the DAIS is a concept of avionics architecture which
simplifies the interfacing, joint operation, and installation of avionics
subsystems within a total integrated system. Designed to reduce
the proliferation of disparate avionics components by standardizing
specifications and prc ‘ding for increased functional and operational
compatibility, the DAIS is expected to favorably impact weapon
system LCC. That impact is anticipated to affect the major cost
areas of research and developmer.!. system investment, support invest-
ment, and particularly, operating and support cost. :

The results of the comparison of the DAIS and non-DAIS show ’
that the expected higher procurement cost for a DAIS system is !
offset by savings in recurring costs, especially those associated with
manpower. The DAIS life cycle cost was 4.3 percent lower than
the conventional avionics for the chosen scenaro of 72 CAS aircratt
operating over a |5-year period. Inflation, if considered at a moderate
six percent, can increase this difference to 2.4 percent.

Standardization affects LCC as a function of the number of
aircraft and aircraft types that share a given commonatitv. When
application of the DAIS concept was postulated across six aircraft
types, each considered as a block of 72 aircraft, the LCC per aircratt
avionics package was shown to be reduced by 14.2 percent relative
to conventional avionics configurations,

An attempt was made to quantify the impact ot the DAIS
compatibility to facilitate system change. This was done by postofating
the addition of a subsystem with little software requirements. The
cost comparison for this selected subsystem addition indicated o
41 percent reduction in the LCC of the modification attributable
to the DAIS avionics architecture of the total s,stem. Another sob- ]
svstem with considerable sottware requirements was postolated as
a retrotit to each avionics configuration. The cost comparison tor
this subsysterm addition indicated a 24 percent cost savings i Lo
for DAIS over the capability of a conventional avionics contupiration
to tacilitate this change,

This study assumes all CAS missions can be acoomplehe
bv one avionics contiguration, Theretore, it does not postodate the
impact on mamtenance costs ot any improved reconticgorabadity hetaere
missions brought aboot by the DALS desiagn,

)




PREFACE

This report describes a preliminary investigation of the potential
impact of the Digital Avionics Information Svstem (DAIS) concept
on system support requirements and life cycle cost (LCC) through an _
LCC  comparison of a representative mid-1980s DAIS configured ,
avionics suite and present day conventionally configured avionics i
suite. It is one of several products of contract F33615-75-C-5218, §
"DAIS Life Cycle Costing Study, which was conducted to provide
tools and techniques for evaluating the LCC impact of operational
implementation of the DAIS concept of avionics integration.

The conduct of the study was directed by the Advanced Systems |
Division, Air Force Human Rescurces Laboratory, Wright-Patterson ;
Air Force Base, Ohio, and is documented under Work Unit 20510001. |
It was performed under Air Force Avionics Laboratory Program Element f
63243F, "Digital Avionics Information System," Project 205!. Project i
2051, "Impact of DAIS on Life Cycle Costs," is jointly sponsored ;
by the Air Force Human Resources Laboratory, the Air Force Avionics i
Laboratory, and the Air Force Logistics Command. #

Contract funds were provided by the Air Force Avionics H
Laboratory. The DAISProgram Manager is Mr. Terrance A. Brim. ’g}
Mr. H. Anthony Baran is the Air Force Human Resources Laboratory
Project Scientist. The Air Force Logistics Command Project Officer q
is Captain Ronald Hahn. The contractor Program Manager is Mr. John .
Goclowski.
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IMPACT OF DAIS CONCEPT ON LIFE CYCLE COST
. INTRODUCTION

The Digital Avionics Information System (DAIS) concept can
serve as a basis for guiding future avionics development as digital
technology continues its rapid expansion into new weapon systems
and aircraft retrofit programs. DAIS can do so by providing guidelines
for avionics standardization. Defining DAIS-attributable performance
capabilities is the first step toward the development of a DAIlS-related
data base and design standardization. Yet, performance capabilities
will provide only a part of the data necessary for decision making
regarding the DAIS concept. An additional requirement is a readlistic
estimate of the life cycle cost (LCC) impact of implementing the
DAIS concept which is provided by this study.

Given a scenario specifying aircraft type, aircraft mission,
and aircraft support environment, the objective of this study was to
make a quantitative comparison of LCC between a DAIS and a con-
ventional avionics configuration. Along with this objective, the study
was designed to achieve the following.

l. Identify those cost elements which have the greatest impact
on the LCC differential between a DAIS and a conventional
(non-DAIS) avionics configuration.

2. ldentify and describe the effects of inflation, retrofit,
standardization, and learning curve on LCC.

The Life Cycle Cost Impact Model (LCCIM), applied in this
analysis, provides a systematic approach to evaluating the cost effective-
ness of avionics designs. The cost effectiveness estimates were obtained
by comparing the LCCIM of a DAIS and a conventional (non-DAIS)
avionics configuration.

The remainder of this volume describes the DAIS LCC study
as follows.

Section 1l.  The DAIS characteristics and the differences between
a DAIS and a non-DAIS avionics configuration.

Section Ill.  The LCCIM modeling system used in this study and
the aircraft/avionics scenario used for the DAIS/non-DAIS
cost compnrison.

Section V. The results of the DAIS/non-DAIS LCC comparison by
cost category, subcategory, and element: and, the factors
which impact LCC,

Sectin V. The conclusions of the study and an identification of

the cost elements which appear to be high cost drivers.
Q
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Il. DAIS CHARACTERISTICS

To meet complex mission requiremenis, conventional military
avionics have grown in number and sophistication. This growth has
inevitably led to increased costs of design, acquisition, and support.
These costs have spiralled upward due to the fact that avionics sub-
systems have typically been acquired as autonomous units with little,
if any, commonality. Thus, successive weapon system acquisition
programs have resulted in a proliferation of sophisticated, nonstandard
avionics suites leading to escalating costs.

The DAIS seeks to demonstrate a solution to the problems
of both proliferation and nonstandardization. It functions with a standard
multiplex bus,:processor, executive control software, and the use
of higher order language (HOL). Basically, the DAIS technology provides:
(a) the ability to modify existing software to meet new requirements,
(b) the potential for improved reliability through the planned use
of redundancy at subsystem, equipment, and component levels, (c) the
opportunity for adding new sensors and capabilities to the system
without rewiring the aircraft, and (d) the means for using modular
or common equipment design on different types of aircraft. As a
result, the DAIS approach offers the opportunities of enhancing capability
and flexibility while minimizing LCC.

The minimum essential elements of the DAIS concept (as presently
defined) include:

. 1553B MUX Bus (with Bus Controllers and Remote Terminal
Units)
2. AN/AYK-1SA Processor (with associated memory)

3. Standard JOVIAL executive

Additional elements included in the DAIS configuration are integrated
controls and displays, central integrated testing, and consolidated
test equipment. A simplified block diagram of the general DAIS
architecture that links these core elements with sensor elements

is shown in Figure 2.1. :

2.1 DAIS HARDWARE

The processors communicate with each other and with the
sensors, weapons, controis, and displays through a bus control interface
unit (BCIU) which can be contained within the processors. Communica-
tion is accomplished through a dual redundant standardized (MIL-STD-
1553A) multiplex data bus system under control of the software.

The software consists of application software and executive
software. Application software performs the processing required for
a specific aircraft mission application and major tunctions (such
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Figure 2.1 — General DAIS architecture.




as navigation, weapon delivery). Executive software performs the

bus system control and provides services to the application software.
The software is implemented in the JOVIAL J73/1 higher order language
(HOL), using structured programming techniques and standards. A
modular architectural approach is used to insure reliable, transferable,
and maintainable software.

The Remote Terminal Unit (RTU) conditions various analog, 1
digital, and discrete signals from the sensors and subsystems through
interface modules and formats these signals for bus transmission.

The RTU is designed to accommodate various interchangeable types

of interface modules to provide the proper electrical interface with
different sensors. The RTU is programmable to permit mapping of

the data between the data bus and the sensors, as required for the
specific avionic system configuration. The avionic sensors or subsystems
can also interface directly with the data bus if the subsystem is T
compatible with the bus control protocol.

Controls and displays within the aircraft provide an intertace
between the operator and the avionics system configuration. They '
consist of a set of data entry devices and display devices using digital _
input/output capability whenever feasible. The controls and displays 4
also provide redundancy where displays or integrated kevboards can
serve as a backup to each other.

2.2 DAIS AND NON-DAIS HARDWARE

The discrete and nonintegrated quality of the non-DAIS concept
becomes apparent when the DAIS and non-DAIS architecture are
compared in terms ot functional groups to be discussed in hierarchical
levels (see Figure 2.2). The upper portion of this figure presents
the functional subsystem groups normally found in a non-DAIS configura-
tion. Each of the subsystems contained in these highest level groups :
usually contains their own power supplies, conirols, displays, wiring, *y
and software. To illustrate the basic structural difference, these '
functional groups are then separated into the basic DAIS structure
of sensors and core. In the figure, the functioral group of processing
and multiplex (MUX) interface (characteristic of DAIS) is added under
"core."

The DAIS and non-DAIS hardware elements selected for this ?
study can best be visualized by extending the functional groups identified |
in Figure 2.2 to two lower levels of indenture. The extension is
accompiished, as shown in Figure 2.3 through 2.7, for the two configura-
tions compared in this LCC study. Equipment elements are annotated
as to their applicability to DAIS, non-DAIS, or both. Figure 2.8 depicts
the equipment elements peculiar to the DAIS processing and MUIX
interface tunctional group.
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2.3 DAIS SOFTWARE

The DAIS software configuration consists of mission software
and a set of nonreal time support software. Each is explained in
the following subsections.

2.3.1 Mission Software

Mission software consists of the operational flight program
(OFP) and the operational test program (OTP). The OTP provides
readiness testing on the flightline to insure that the processors, the
MUX bus, and the sensors are functioning properly. The cost estimating
relationships (described in Section 5.1.3.5 in the supplement to this
volume) treat software investment as system-level integration of
off-the-shelf packages. Software support (described in Section 5.2.2.7
in the supplement) covers maintenance (correction of deficiencies)
but no enhancement modifications.

The OFP is divided into executive software and applications "
software. The OFP executive software consists of a singie master
executive and a local executive in each processor. These executive
routines provide system services used by the applications software.
in the DAIS architecture, the executive software has been allocated
functions concerning system state bookkeeping and communications.
Aspects of the OFP that are mission and configuration dependent
are implemented in the applications software. {

DAIS executive tables are specialized for a particular mission i
through the use of the Partitioning, Analyzing, and Link Editing
Facility (PALEFAC) support software. The PALEFAC extracts the
information from statements in the applications software. Thus, if
a DAIS were to be implemented for a mid-1280s close- air -support (CAS)
aircraft, the mission software development effort could focus on
the applications software requirements. It would not be necessary
to redevelop the executive requirements. In fact, the DAIS executive
is already under study for potential application in current aircraft
design efforts.

T

The DAIS OFP application software architecture is a partitioning
of functions that integrate the aircraft sensors, controls, and displays ¥
with mission-related tasks. Application software elements are:

System Control Modules

Six modules responsible for initializing and controlling the
applications software.

1. Master Sequencer - Initiates other control moduoles,

2. Configurator - Controls operations ot other proarams,
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3. Request Processor - Interprets pilot inputs from the panel
MMP, IMFK, and MFK.

4, Subsystem Status Monitor - Monitors status of equipment.
5.  IMFK Handler
6. MFK Handler

Operational Sequencers (OPS)

Responsible for operational status of each independent mission
phase (: 'ch as pre-flight, takeoff/climb, and weapon delivery).

Specialist Functions (SPEC)

Supporting functions required by an OPS or by the pilot. Brute
Force SPECs provide pilot control over operations not available
in the current OPS. Computational SPECs perform utility compu-
tations required throughout most mission phases.

Equipment Processes (EQUIPs)

Interface between software, sensors, and controls. EQUIPs
provide the specifics of equipment communication and isolate
the effects of changes in equipment with the same function.

Display Processes (DISPs)
Control cockpit displays.
2.3.2 nmlorreal Time Support Software

Figure 2.9 provides an overview of nonreal time software
facilities, The most important software elements in these facilities
are the JOVIAL compiler, the Software Design and Verification System
(SDVS), and the PALEFAC. Because the JOVIAL J73/t higher order
language has become a USAF standard, the DAIS JOVIAL compiler
should find wide application in USAIF software development. The
SDVS is a generalized facility which could be applied to development
and maintenance of anv OFP. The PALEFAC provides an automated
means of generating bus control and executive data tables. It may
be considered an integral part of the DAIS mission sottware executive,
All support software, both nonreal time and real-time has been written
in higher order languages (primarily JOVIAL and FORTRAMN) and
are constructed to be portable or capable of being hosted on another
computer systermn. It should be noted that support software and facilities
are a requirement tor maintenance ot anv OF P, whether or ot thev
are acquired during the development phase.




Language Translation Facilities

JOVIAL Compiler (HBC or DEC-10)
FORTRAN Compiler

DEC-10 Assembler

HBC Assembler

File Management Facilities

e Data Base Management
- Source Code
- Object Code
- Test Data
- Scenario
o« Library Management
o Configuration Management
- Status Accounting
- Version Control
- Change Control

Simulation Facilities

Interpretive Computer Simutation
Statement Level Simulation
Data Bus Simulation
Environment Simulation

MS Function Simulation

Load Module Preparation Facilitaies

o Linkage Editor

o lLoader

. MS Partitioning Support
- Bus Traffic Analysis
- Real-Time Usage
- Core Allocation

Man Machine interface Facilities

« SDVS Control Language Processor
« Simulation Control/Sequencing
o« Output Preparation

Figure 2.9 - Monreal time sopport software,
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2.4 MNOMN-DAIS SOFTWARE

The parameters describing the software requirments for a
current non-DAIS configuration were taken from the A-7D/E navigation
and weapon delivery system. Table 2.1 shows the size of the software
package. This package was chosen as representative of current non-DAIS
software in that:

I, It is monolithic as opposed to modular for DAIS;

2. Each function is performed by sections of coding occurring
throughout the program making enhancement or modification
difficult;

3. A larger percentage of memory is used (29.5 percent non-DAIS

versus 63 percent DAIS); and,

4. The configuration and mission is similar to that defined for
the mid-1980s DAIS design. (The software satisties the same
general set of requirements but has fewer specific functions
due to a different architecture of partitioning.)

Tabte 2.1 - Non-DAIS (A-7D/E) Software Sizing.

Memorv (16 bit words)

Function instruction Data Total

Navigation (1) 3440 570 4010

Weapon Delivery (1) 3690 520 4210

Radar Processing (1) 490 490

System Qverhead 3710 510 4220

Modifications

(including PAVE PEMNNY) 3000 .
15930

(1) includes display processing tunctions.




HL LIYE CYCLE COST IMPACT MODEL (LCCIm)+

An LCC impact modeling system was developed within the
DAIS LCC study specifically for use in the comparison of system
design/support alternatives. The impact analysis of a concept such
as the DAIS (as opposed to a specific piece of hardware/software)
requires a capability for extended visibility into the operation and
support environment in which it will be used. This demands an analvtic
procedure which considers the interactions and constraints of the
concept and its application. The LCCIM presents such a procedure
by combining both separate models and a methodology for their use
and data support.

Existing LCC tools fall short in terms of their ability to approach
the assessment of LCC in a comprehensive and systematic way which
leads a user from a specification of design/support conditions to
the cost impact requirements they generate. Almost all LCC models
(including the LCCIM), apply cost factors to given resource utilization
estimates, calculate the expected vaiues of cost elements, and aggregate
those elements to produce an estimate of LCC. The LCCIM
however, exceeds these capabilities by incorporating a unique methodology
for system operation and support (O&S) requirements estimation which
makes its LCC results more a product of analysis than of estimation,
This is an important feature because, while existent LCC models
depend on input estimates, the LCCIM can analvtically generate
the input requirements of a number of cost assessment components.

3.1 THE LCCIM MODELIMNG SYSTEM

The approach taken wiih the LCCIM was to include analytic
techniques and procedures in the system which are needed to accomplish
the modeling system objectives. The highest level objective of the
modeling system (as depicted in Figure 3.1} is for the designer, or
manager, to use the LCCIM to make cost and requirements impact
estimates the basis for selecting between alternatives which influence
systemn design, manpower, and logistics characteristics. That overall
objective function can be stated as follows: minimize LU subject
to the specified constraint on equipment availability, given that the
equipment satisfies performance requirements of the selected operationai
and logistic scenarios. The iterative use ot this objective fonction
in closing the loop in Figure 3.1 will cause the weapon svstem character-
istics to converge to their most cost-ettective values. In this study,

‘7ﬂ;i‘s—*\_ér:}i(j)rr*\—p;o\fid;xﬁdimwf “discussion of the LCCIV as it applies
to this study, or a more complete detailed description of  the
LOCIM, refer to other available reports [ el (Tote that numibers
endlosed in o square brackets indicate references listed at the end
ot thic report.)
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the modeling system was used to make a comparative analysis of
a DAIS versus a conventional configured aircraft weapon system,
each of which are described in Section I,

The analytic techniques, procedures, and models which constitute
the LCCIM modeling system are shown in Figure 3.2. This application
of the LCCIM involved a functional analysis and a maintenance analysis
(refer to Figure 3.2). The functional analysis identified a baseline set
of equipment which functionally satisfied CAS mission requirements
by employing a combination of existing equipment and new DA!S
technologies. Comparable equipment currently existing in the DoD
inventory was selected as the non-DAIS reference for the DAIS baseline
set of equipment. Operational and logistic scenarios to be used in the
analyses were also defined to complete the set of given conditions
for exercising the LCCIM,

The maintenance analysis determined how reference values
for resource utilization parameters must be modifed to reflect design,
manpower, and logistics concept changes. It depicted the sequences
of maintenance events in action networks which incorporated average
values for the probability of occurrence and the resource utilization
associated with each event. Resource utilization parameters included
skill category, skill level, crew size, event duration, and support
equipment required for each event. To generate DAIS baseline values
for parameters in the maintenance networks, actual field data on
the non-DAIS reference equipment was collected and modified to
reflect the effect of DAIS design differences. In addition to accounting
for design differences, network parameters were modified to reflect
anticipated changes in maintenance, manpower, training, and technical
documentation concepts resulting from the DAIS design,

The computerized portion of the LCCIM process is comprised
of three separate models:

Reliability and Maintainability Model
Cost Model
Training Requirements Analysis Model (TRAMOD)

Briefly, the TRAMOD was used to determine a baseline training
program based on skill and knowledge requirements. The combined
Reliability, Maintainability, and Cost Model (RMCM) aggregated resource
utilization and applied cost factors to all cost elements so that
comparable LCC estimates could be generated for each alternative
configuration.

3.2 THE RELIABILITY, MAIMTAIMNABILITY, AMND COST MODLL

(RMCM)

The RMCM portion of the LCCIM is a computer program
which functions in an interactive mode, supplemented with a bateh
print capability. [t operates in conjonction with a data bank containing
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historical reliability and maintenance data gathered from operational
systems. This data is made relevant to new systems by factgring
historical data on the basis of the functional and maintenarice analyses.
Inputs to the RMCM include the frequency of maintenance actions

by subsystem and line replaceable unit (LRU) for both aircraft and
support equipment (SE); and data concerning the task events within
each maintenance action (such as type, probability of occurrence,
average time to complete, manpower type and skill requirements,

and SE requirements). The mode! uses these inputs to compute the
manhour resources and spares used to satisfy the maintenance require-
ments of each subsystem and its LRUs for both tlightline and shop
actions. The Cost Mode!l portion of the RMCM is an analytical accounting
cost model which computes the LCC of a proposed system in this
structured and systematic way.

Within this study, the RMCM aggregatesi resource utilization
depicted in the R&M networks by LRU, subsystem. and system for
use as input to the cost equations. It also idenfified high resource
drivers and measured effectiveness in terms of equipment availability.
Using existing courses as references, skill, and knowledge requirements
for each maintenance event were simultaneously evaluated through
the Training Reguirements Analysis Model (TRAMOD), for the purpose
of generating baseline training program data (such as course length
and course cost) for use by the RMCM. Detailed cost factors were
applied to resources utilized and to the training programs. More general
factors were applied to all other cost elements to compare the two
avionics configurations using total LCC estimates. (The batch print
outputs used in this LCC comparison study are contained in Sections |
and Il of the supplement of this report.)

3.2.1 Cost Equations of the RMCM

The DAIS LCC analysis covers all five major life cycle phases
of a weapon system: conceptual, validation, full-scale development,
production, and deployment. When applicable, a sixth phase (disposal)
can be included in the life cycle but was not relevant to this study.
All research and development takes place during the first three phases
{conceptual, validation, and full-scale development). System and support
investment costs occur during the production phase. The recurring
operating and support costs are incurred during the deployment phase.
With this in mind, a hierarchical structure was chosen to cataleg
the principal cost categories, subcategories, and elements associated
with these phases that constitute total LCC of a weapon svstem
(refer to Figure 3.7).

The cost element structire of the Cost Model portion of the
RMOM and its associated data base were designed to simplify and
expedite the identification of system cost drivers, (For exampie,
nonrecurring cost elements have been isolated from recurring o ost
elements, so that the LOCC impact ot each can be clearly identitien,)
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The principal cost categories with their subcategories are:

Cost Category Subcategory
Nonrecurring Costs Cost of research and development (R&D),

system investment cost, and support invest.
ment cost (the initial one-time developmen:
and investment costs).

Recurring Costs Annual operation and support costs.

Final Disposal Costs Gains or [osses from disposal

The cost subcategories consist of cost elements. The Cost
Mode! addresses 23 elements reflecting the development, production,
operation, and support costs. The cost equations contained in the
Cost Model are adaptations of the Air Force Logistics Command's
Logistics Support Cost Model (using similar cost term definitions).
An explanation of the individual cost elements, including the equations
used to compute the elements, is presented in Section V of the supple-
ment to this volume.

3.2.2 Application of the RMCM Computer Program

Given a data base for a specific equipment configuration,
the interactive RMCM program can perform the folfowing fypes
of analysis and functions.

R&M Computation Determines resource utilization, R&M input
values can be adjusted (perturbed) for trade-oft
analysis and sensitivity investigations.

Cost Computations  Applies cost factors to the results to determine

LCC.

R&M Perturbation The user may change the values of any of
the R&M input variables and/or any results
from the R&M computations performed by
the RMCM.

Cost Perturbation The user may change the values of any of
the cost input variables. These perturbations
of the R, M, or cost parameters can be accom-
plished through either (1) percentage tactor,
(2) a bias (+ valve), or a replacement value,

Qutput Ceneration RMCM output data required tor the aser's
specific needs are presented simultaneoosiy
and are directly comparable nsing the interac tive
routine,
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Also, generated cost output is stored in a special file and may be
identified for use in generating processed data reports through the
RMCM batch program. The foltowing such reports are available.*

Output Report
Number Title

System Cost

]

2 Expanded Nonrecurring Costs

3 Expanded Recurring Costs

4 Costs by Subsystem Contributions

5 Costs by LRU Contributions

6 Reliability, Maintainability, and Avcailability
by Subsystem

7 Manhour Costs per Year by AFSCs and
Subsystem Supported

8a Spares Requirement - Investment

8b Spares Requirement - Replacement

9 Support Equipment Requirements/Cost

0 Cost of Training

3.2.3 RMCM Data Sources

When applying the RMCM, the accuracy of the estimate will
depend on the source of data. In actual applications, such as this
study, the user can expect the estimate to increase in accuracy
for a specific system as input data matures from theoretical data
to actual field data. The structure of the RMCM facilitates the
interactive changing of input data, data updating, and output data
iteration. This capability allows LCCIM to be applied continually
throughout acquisition up to and including the deplovment phase. Due
to the speed with which alternatives can be considered and their
impact on LCC can be estimated, this capability also expedites the
evaluation of trade-offs within a specific configuration.

The RMCM requires a data base that contains two data
banks. tme data bank is for the R&M parameter data. The other
is for the cost parameter data. The information needed to prepare
these data banks can be found in the R&M Model Users Guide [3],
and the RMCM Users Guide [1]

Four data banks files, two for cost data and two for R&M
data were developed for this comparison study. One pair provides
cost and R&M data for a conventional baseline CAS avionics conceptual

*A complete set of these output reports, for the conventional and
the DAIS avionics configuration, is provided in Sections 1 and 11
of the supplement to this volume. The RMCM results nf the subject
analysis are suymmarized in Section IV,
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design configuration. The second pair provides data for a mid-1980s
DAIS CAS avionics conceptual configuration (the RMCM computer
program, time frame, and equipment configuration). For a new weapon
system, scenario-related information of this type can usually be found
in the required operational capability (ROC} document during the
conceptual phase of system development. for this study, the following
scenario was selected as a common basis for comparing the two
avionics configurations.

A. System Mission
« CAS functions
. | wing, 72 aircraft
. | base located within CONUS
« 30/60 (peacetime/contingency) flying hours per aircraft
per month
B. System Design
e All subsystems completely designed (R&D cost includes
only the system-level integration)
« An instantaneous acquisition (off the shelf)
. Life cycle of |5 years (planned inventory usage period)
e No further inherent reliability growth to be expected

3.3 ASSUMPTIOMNS AND CONSTRAINMTS APPLIED IN THIS STUDY

The maintenance and support policy for any avionics configuration
must consider the integrated resource requirements for training,
maintenance manuals, spares, manpower, and SE which support the
avionics equipment to be used. The complex interrelationships program
was exercised separately for each pair of data files to compare
the two avionics configurations. These data bank files consist of
three basic data value types.

I.  Standard values

2. Estimated values based on historical comparisons or
estimating relationships

3. Scenario constant values

References for each source of the above RMCM data are
provided, by data element values, in the appendix of [!] and are
discussed in the following paragraphs. Some of these values are repeated
for pertinent data inSection V {and in Section V of the supplement)
in support of the explanation of cost equations,

Standard values were obtained from government sources. They
are usually developed by government agencies from historical cost-
accounting information or special studies. Examples of the sources
used in the data collection for this study are given below. They
consist of government documents and approved models,

Ab R 173-10
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AERP 1771

ATC/ACM

RATID Reports

Logistics Composite Model (LCOM)
AFLC Logistic Support Cost (LSC) Model

Estimated valves are historical estimate comparison data derived
trom the actual or comparable weapon system experience, b xamples
ot sources used to obtain historical estimate comparison data for
this stidy are:

AF M66-1, KOSI-PHRC
LCOM txtended 11 Data
(obtained from base level tapes ot ALY B6-1 ot
A-70) Manpower Sovrce Listing
tinitorm Airmen Pecards
Technical Traming Scnool ©aorse © tarts
Design/Logistics Support Data-i bitronal Srock o ogtafong '
Contractor f ormished Data

When required historical estumnate comparason ot o s s L e,

specially developed cost estimating relationst iy biset o stoe .1

experience are developed, This wis recparet o vao e oty

study: () to compute the cost Of oo e c ety Dis, 1l (0t

estimate the cost of sottweare devel oot e ceer 41
SEENArio constants are Dl Lo e et b et fraee e e

tonal, environmentar, g g et s e te et 0

conditions ot weapon svsteo o et T o e e Wi teer Lt
such as the mumber ot Gites, mvomnbeer b o0t e Dt i ey
between these munntenance and SoDport esorro o e ta s e
their impact on cost, are crnmiteste gt r N e L sy 4
of the equipment,
The PEM characteristin s are ooeas et e 00 ar ety
as: mean time between forlore, tunpoge oo 0 e tors e et
f‘lsk'i, prohulnli?v ot Occurrer o Ob et ik s, i e 1 Y b
required per task, Stootihized, repoir e e et 0 L g e
needed for the concept gostodateds ©banaes e e e et

brought about by maintenance and/or sopport regearen en s e deter
mined, in part, through an onderstanding ot the tollowineg coan eac bane
interrelationships. :

I Functional pertormanee obf the obsyaters o gt e 0o
configuration.

2. The complecity of the sobisvaton edec trarc s o e bon e
3. The quantity and corspdesit s ot LY o ath o the sobisrster,
i1, The auentaba ity andd apataity of raanpoweer.
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S. The maintenance aids requirements of the individual units
and the technicians who use them.

Current avionics equipment, with its digital integrated circuitry.
is more difficult to repair at the component level in the shop. This
is due to the technical skills and the sophisticated testing and repairing
equipments required. Therefore, it is intended that subsystem repair
be achieved on the flightline through LRU removal and replacement
actions and in the shop through modular SRU removal and replacement
actions.Module repair will be performed by the depct! or factory
and module fault isolation will be performed in the shop with the
aid of the automatic or semiautomatic test stations for the DAIS
avionics. These capabilities, however, are independent of the DAIS
concept and, in many cases, are inherent in present day maintenance
philosophy. The basic equipment R&M parameter values obtained
from tield data are assumed to reflect this approach.

Decisions regarding changes in the maintenance parameters
had to be based on actual conditions (such as those exhibited bv
present subsystems of comparable design) while maintaining other
parameters constant. The LCCIM is able to represent these real
world conditions from which the data was obtained and vet isolate
other parameters. However, certain assumptions and constraints inherent
in the RMCM program do affect the results of this study and must
be considered in their analysis.

A. The model considers a unitorm level ot svstem (aircratt) activity
(stwh as flving hours) at each operating base.

£3. The spares stock ievel and pipeline quantities are computed
to support the peak level of svstem activity (such as the peak
base flving hours (PBPH), rather than any incremental boildup),

. The cost model computes all logistics support costs associated
with the weapon svstem, subsvstermn, and LU indenture level,

0. Three levels ot repairs (excliusive ot condemnation) are consider e

(1) on-equipment repair at base level, (2} repair at the inter-
mediate maintenance activity (IMA) on site, and (1) repair
at the depot.

b, Air bases are assomed to be cdentical with respect 1o mainte-
HANCE manpower redquarerents, consoenables, and boacrlites,

b Air bhase sites are assorned to be dentioai with respect 1o
foGistic s sopport cnd sossibile vrvaronmeatal e teo ts o e

Ponlopes rates,

LI Ay norrbier ot bagse e et oo atiots or et e oy
sitees are allowed, Howesser, the reor traeg oot repant oot
'tl( toir otpes H revedic atest oot A SR INTH werlv e oy : “('n}ll' [ANEIAR R RS AT RTR

ettt e ow o,

‘
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inventories of spare LRUs are assumed to be located at each
of the bases, consistent with the demand rate for LRUs at
the bases and the variable depot-to-site resupply time interval.

A representative transportation cost average for overseas and
for CONUS sites is employed for the LRU depot repairs.

The relationship established for determining the required quantities
of shop SE assumes the mean SE usage times as being equal
to the mean time to repair.

Maintenance personnel at the various bases require the same i
types of skill and consequently need the same training. (This ‘
assumption is not germane to this study because only one

base was used when evaluating each ot the two aircratt configura-
tions compared.)

The contractor trains an initial Air Force cadre who in torn
trains all maintenance personnel. Initial traiming is considered
to be completed in or before the first vear ot svstem operation. '
Recurring training costs for organizational and IMA personnel
are based on average turnover rates tor each Al ST,

Software maintenance is performed only at depot fevel, wherebv
a focal point for all software maintenarce is assumed tor

the entire DAIS or non-DAIS contigurations {(even it each sub-
system should have a different HOL). d

There are no special provisions for computing the ¢osts ot 1
nonmiaintendance support personnel and their support tacilities
(such as barracks, heat, and tood). aithough thev can be ‘nput
as g single term,

All cost data are in constant-vear dollars, However, there

s an option available which modifies recorring cost ootpats
as i tund tion ot averaqge intlation rate. ‘4
i i

The reliabrlity parameter values in the data Hases are hase

\

o mean Hight -hoors between smamtenance action (M FEMA)

These maintenance actions inclode: () cannot duplicate  {iscrepand s

(D) o tions both tor on-equipment and in-shop Li2V IS removed

to the shop tor repair: (b)) oanor maimmtenance actions perforoe e

on the thaghtline: and, () remove-and=replace e o tions

that sre tollowed by renair n the shop ar it o ddesnot, e

Section Yo the suppiement to thyc wolome tor g terther ‘

diseossion ot thae we varabiles,)

j
CInvecpinpre et i SEop mepntenono e costs e [BIARTRTRD FRTE U ’
i tode b o ts ot Tabor tar oy e toe o bt g }
appritesge s gt thee Yhase e, Do cre et e Lo b tunie 8 :
Tt gt e it e, i I,rw-Hu;|1 AT SN S UL T SRV T

EEESERTEY SETRE R ETRE L Y I RN N LTRSS T v,




Maintenance iabor costs at the depot are contained in the
average cost per depot repair of an LRU.

The DAIS design, when compared to the non-DAIS design,
incorporates increased use of digital circuits, electronics integra-
tion on a larger scale, and an increase in modular standardization.
This would allow the maintenance concept to be modified
accordingly. For instance, on-equipment SRU repair and an
associated two-level maintenance concept (organizational to
depot) could be attempted. For this study, however, only the
basic on-board test capability of the DAIS was considered.

The main technical features of the DAIS suite are the integration
of sensor controls and displays, and the central processing

of sensor outputs through the multiplex bus. This structure

permits the use of an on-board central integrated test system
(CITS) for mornitoring sensor degradation and/or failure. The

CITS combines the individual subsystem Built-In-Test Equipment
(BITE) outputs with additional diagnostic tests on a time-shared
basis and displays the various subsystem operating conditions. ,
Malfunctions to the LRU level will be presented, thereby aiding
flightline maintenance by improving troubleshooting decisions.

This includes decreasing the number of cannot duplicate discrepancy
reports and the number of removals that become shop retest

okays.

The implementation of DAIS will be attended by an upgrading
of support equipment. Many of the current individual special
test sets and general purpose test equipments will be integrated
into single test stations for one or more subsystems. Usually
these test stations will be automated to some degree. reducing
the comptexity of the man/machine interface. Even in the
manual test stations, personnel requirements will be reduced
by use of permanent interconnections and switch matrices

for initiating various functional tests. Six shop test stations,
similar to those used for F-15 avionics testing, have been
assumed for DAIS.

One of the current Air Force concerns regarding manpower

is that overall reading level capability is decreasing although
motivation remains high among recent recruits., Since technical
orders {or maintenance manuals) are an important and necessary
aid to avionics maintenance, the following quidelines were
established regarding manual content and use. The existing i
conventional type of technical manuals will be replaced by !
proceduralized job quides tor nse with the mid-1980< DALS '
conceptual application becaose of:{a) the growing trend toward
job quide ntilization as a standard practice in the mid-19H(0s,
and (b)) the standardization and modutarity aspects of the [DAILS
concept which will provide o maintenance «nvironment highly
conducive to the implementation of the procedoralbized ands:

13




for example, reductions in maintenance complexity (remove
and replace versus repair) and in personnel skill requirements
because of improved diagnostic equipment.

Existing fraining courses were used as a baseline for both
nori-DAIS and DAIS maintenance technicians. Course material
was matched to the tasks to be performed. Curricula were
revised to complement the proceduralized aid for technicians
maintaining the DAIS avionics. Discussions of the reasons for
recommending revised training curricula are presented in the
Training Mode! Technical Report [2].

Additional specific assumptions and their justifications are

presented in the relevant cost element discussion in Section IV if
this report and in Section V of the supplement to this report.

s L "
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V. IMPACT OF THE DAIS COMCEPT

This section will discuss the impact of the DAIS concept on
LCC. It will provide:

l. A summary of the RMCM output for the DAIS and non-DAIS
configurations. (The actual RMCM outputs for DAIS and non-DAIS
may be found in Sections | and ll, respectively, in the supplement
to this report.)

2. A brief description of the cost categories, subcategories, and
elements invoived in the LCC computation. Each description
will be confined to a definition of the term and percentage
of cost decrease/increase attributable to the DAIS. (Detailed
descriptions of each cost term including LCC equations, sources
of data, and special considerations may be found in Section
V of the supplement to this report.)

3. A discussion of four influences on LCC (standardization and
retrofit, inflation, and learning curve effect) whichshould be ‘z

considered when making any LCC comparison.

LIFE CYCLE COST

-

To assess the impact of the DAIS concept, LCC was calculated
for a mid-1980s DAIS and a non-DAIS avionics configuration anpropriate
for a CAS mission. Calculations are based on 72 aircraft at one
base flying 25,220 hours annualiy over a [5-vear period. The specific
assumptions and gquidelines reiative to this calculation were detailed
earlier in this report (Section 3.3).

Table 4.1 presents an overview of the LCC comparison of
the DAIS and non-DAIS avionics configurations. Cost and percect g
of LCC are displayed for each cost subcategory. Cost differendes
and percent differences between DAIS and non-DAIS (with non-c Al
as the reference) are «also shown. The percent ditference wos omptes
using the equation:

o -

o 4 _ {nhon-DAIS) - (DAIS)
o difference - (hon-DAIS)

The Cost of Disposal cateqgory and Operation Costs sohcateqgory have
been set to zero for porposes of simpiitication (1o be disciscea Tater
in this section).

At the total LCC fevel, it is shown in Table 4.1 that the
DALS contigoration has an STHLO61.000 advantaae over the non-{2A15
configquration for the qgiven scenario. [arthermore, the most sigmiicant
ditference between DAL and non-DALS Ties in the Sopport € osts

subeateqory where it is apparent that DATS would cost 33,209,000
fess than the non-DALS over a Ph-vear deploviment period. However,
b
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this advantage tends to be offset by the DAIS cost increase of
$22,570,000 in the System investment subcategory (which represents
the initial buy of avionics equipment for 72 aircraft).

4,2 NONRECURRING COSTS

The Nonrecurring Costs category is defined as the one-time
costs normally associated with weapon system acquisition. Table 4.2
summarizes the Monrecurring Costs for both DAIS and non-DAIS.
A $22,147,000 advantage in favor of the non-DAIS configuration
is shown. Although this difference is primarily due to the System
investment element, further differences within the Support Investment
element, further differences within the Support Investment subcategory
are nevertheless significant. Specitically, there are significant DAIS-
related advantages in hoth the Initial Spares and Software Acquisition
elements. However, both of these cost decreases are offset by the
DAIlS-related cost increases in the R&D subcategory, Field Support
Equipment Acquisition and Depot Support Equipment Acquisition elements,
and Maintenance Manual Acquisition. '

The following subsections will describe each of the cost sub- ,
categories and elements associated with the Nonrecurring Costs category.
They will also indicate the percentage increase/decrease in LCC
attributable to the DAIS concept.

4.2.1 Cost of Research and Development

The R&D category includes all costs associated with the research,
development, test, and evaluation of the weapon system. Specifically,
this covers all system-level costs charged to a fully-developed subsystem
during the validation and fuil scale development phases of the weapon
system. It would include costs for system-level engineering design,
development, fabrication, assembly, test, evaluation, and documentation.
Costs are incurred in this subcategory until satisfactory completion
of the initial operational test and evaluation, and the subsequent .
government approval for service use. The DAIS configuration estimation
indicated a 16.3 percent increase ($5870.000) in costs of R&D.

4.2.2 System Investment Costs

The System Investment Costs subcategory is defined as hardware
procurement costs and program/project management costs. The cost
element of Procurement covers only production hardware and includes
unit cost, instaliation cost, and integration cost. The element of i
Program/Project Management includes technical and administrative i
planning, organizing, directing, coordinating, controlling, and approvina.

Although the Procurement cost element was readily quantitied
in this study, the Program/Project Management cost was set to zero
because of a lack of adequate information. As a result, the DAIS
configuration has a 3.3 percent (522,570.000) higher Svatem Investment

M)
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cost. This increase is attributable to the higher unit cost for the

DAIS equipment relative to the LLRUs they are replacing. Unit costs

of conventional avionics hardware are based on mature systems which

may represent reduced costs due to quantity buys, whereas the DAIS
hardware reflects cost values based on limited buvs to date. Furthermore,
there is more redundancy in the DAIS configuration.

This redundancy offers the advantage of increased operational
capability and readiness. It also ensures that the capability and space
allocation will accommodate any future growth of the DAIS to satisfy
additional system requirements. The memory capacity of the four
DAIJS processors is only 63 percent utilized as compared with the
memory capacity of the non-DAIS computer being exceeded for a
comparable capability. Since only three processors and BClUs are
required at this time, the DAIS cost estimate is higher than it need
be. No adjustment has been made to the DAIS cost for any improved
operational capability and readiness.

4.2.3 Support Investment Costs

The subcategory of Support Investment Costs includes all costs
associated with supplying logistics support requirements for a weapon
system. These costs reflect the initial investment for necessary supplies
and services to support a new weapon system. The 2.1 percent
(61,293,000) decrease in the Support Investment Costs subcategory
for a DAIS configuration (shown previously in Table 4.1) was subdivided
into eight cost elements in Tabl« 4.2, These cost elements are:

Cost of Initial Maintenance Training

Costs incurred in setting up a training program. This element
was set to zero in the model.

Cost of Spares Investment

Costs associated with three types of spares: (1) LRUs and

SRUs, (2) piece-parts and material, and (3) war reserve materials.
The calculations indicate that the DAIS configuration would
result in a 4.4 percent cost decrease (52,412,000) in this
element. War reserve material was ignored since it would

be essentially equal for either configuration. This significant
lower spares cost is attributable to the reduction in the number
of spares required because of the improvement in reliability

of the [DAIS core units in relation to the conventional L{2l!s

they replace tor accomplishing the same functions.

Cost of Depot Support Initial

The initial investment costs of the equipment peculiar and
associated common support equipment with the overhaul manoats
required to supply the depot overhaul and repair sites. The

h2
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DAIS configuration results in a 6.6 percent higher cost ($1,460,000)
in this element. This higher cost value for the DAIS SE require-
ments was caused by treating the non-DAIS LRU test stations

as sunk costs since they would already be located at the depots.
A cost of $11,000,000 would have been added to the conventional
avionics depot SE if the non-DAIS LRU test stations had been

included.

Cost of Support Equipment Initial

Costs associated with the initial investment for base level
SE. The DAIS contiguration would result in a 17.6 percent
higher cost of 52,646,000 for this element. This difference
results from the higher unit costs of the DAIS test stations.

Cost of Software Acquisition

Costs associated with software development personnel costs

and associated computer operation costs. The DAIS configuration .
would result in a 62.4 percent less cost ($3,320,000) in this '
element. The lower cost for development of the DAIS operational '
and support software results from the increased productivity v
that is attributable to the use of a HOL and a standardized

architecture. The development of support software for a non-DAIS

configuration comparable to that developed for the DAIS accounts

for most of this cost element.

Cost of Maintenance Manuals

The cost of maintenance manuals required for organizational

(flightline) and intermediate (shop) level maintenance. The j
DAIS configuration would result in a 8.4 percent higher cost x
(5326,000) for this element. This higher cost results primarily ‘
frorn the assumption that the DAIS will use newer proceduralized

manuals which cost more per page.

Cost of Inventory Management Initial

Costs associated with the stocking, control, and supply of
spare parts. The DAI5S configuration would result in a 140 :
percent higher cost (57,000) for this element. This higher cost '
of DAIS is attributable to the new SRUs introduced. The cost

value is insignificant in respect to other cost elements, however.

Cost of Mlew or Additional Facilities

Costs associated with the construction, conversion, or expansion
of any necessary facilities required to house or support the
various services needed by a new weapon system. This element
was set to zero.
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4.3 RECURRING COSTS

The Recurring Costs category includes costs generated during
the operation and support phase of the weapon systems life cycle.
Table 4.3 summarizes the Recurring Costs for both DAIS and non-DAIL.
The $33,208,000 advantage of DAIS over the non-DAIS is significant.
It represents 27.3 percent savings over the {5-year usage period.

Table 4.3 indicates that although certain cost elements have
a considerable impact on the overall LCC, they are partially offset
by other cost elements. For example, the large reductions in cost
for DAIS are contributed by the cost elements of On-Equipment
Maintenance, Intermediate Maintenance, Personnel Training, Replacement
Spares, Depot Maintenance, and Software Support. These elements
provide a DAIS cost savings of $35,483,000. This savings is slightly
offset, however, by the $2,272,000 higher cost contributed by the
base level SE, Maintenance Manuals, and Inventory Management cost
elements.

The following subsections will describe each of the cost sub-
categories and elements associated with the Recurring Cost category.
They also indicate the percentage increase/decrease in LCC attributabie
to the DAIS configuration with the actual dollar difference.

4.3.1 Operation Costs

The Operation Costs subcategory consists of two principal
cost elements: Operations Personnel (including aircrew) and Fuel.
These two cost elements are independent of the avionics configuration
(in this scenario) and have been set to zero for this DAIS/non-DAIS
comparison.

4.3.2 Support Costs

The subcategory of Support Costs includes the cost of personnel,
equipment, spares, materials, and supplies needed to support the
deployed units. The type of support required by the weapon system
includes organizational level maintenance personnel and equipment,
as well as fully-equipped and stafted intermediate and depot level
maintenance facilities. Support Costs include the following nine cost
elements.

Cost of On-Eaquipment Maintenance

The costs of manpower and material needed to pertormy the
organizational level flightline scheduled and unsehedoled mnainte-
nance on unit aircraft. The DALS configoration woold resalt
in a 422 percent less cost (513,129.000) in this element. Thas
lower cost is attribotable to the reduoced wmtenance manhonrs
ner Highit-hour (MMH/EH) required tor DALS brooght apoat
by the improved reliability and the vse ot central integrated
test systerm (CIT) resclting from the "SALS architectore,

Eh!
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Cost of Intermediate Shop Maintenance

The costs of manpower and material needed to perform inter-
mediate shop maintenance. This includes manpower to accomplish
SE repair. The DAIS configuration would result in a 36.4 percent
lower cost (58,432,000) in this element. The reduced MMH/FH

is due to the employment of a central integrated test system
(CI1TS) and a consolidated SE.

Cost of Maintenance Personnel Training

Costs associated with training the initial work force of organiza-
tional and intermediate level maintenance personnel, and the
annual cost of training their replacements. The DAIS configuration
would result in a 36.7 percent lower cost ($4,822,000) for

this element, directly attributable to the reduced manpower

and associated skill levels required for DAIS flightline trouble-
shooting due to improved diagnostic capability. This same
diagnostic capability, inherent in a central integrated test '
system, also reduces the number of false failure indications.

Cost of Replacement Spares

The annual costs of replacing condemned LRU and SRU spares
in the shop and depot pipeline. The DAIS configuration would

result in a 12.5 percent less cost (51,480,000) in this element.
The reduction in spares is due to the improved reliability

of the DAIS core equipment over the units they replace.

Cost of Depot Repair

The recurring depot cost of repairing LRUs and SR!Js by sub-
systern, including their shipping costs. The DAIS configuration
would result in a 17.7 percent lower cost ($5,968,000) for

this element, attributable to the improved aggregated refiability
in the DAIS core element LRUs over the conventional LRUIs
they replace.

Cost of Maintaining Support Equipment

The annual costs of the peculiar avionics shop SF unscheduled
maintenance excluding manpower costs. The DAIS configoration
has a 23.7 percent higher cost (51,603,000) tor this element.
This higher cost is a direct result ot the higher procurement
cost for the more complex base level DALIS S This value
reflects the higher cost of replacement spares based on g
proportion of that cost,




Cost of Software Support

The costs of labor and computer costs required to pertorm
software maintenance. The DAIS configuration would result

in a 29.1 percent less cost (51,647,000) for this element, a
result of a reduction in the average manpower required for

the DAIS support. This reduction results from both the potential
quatity of the software initially delivered and the productivity
factor attainable when vusing DAIS software.

Cost of Maintenance Manuals Support

The cost of supporting maintenance manuals incurred for updating,
improving, or correcting the manuals. The DAIS configuration
would result in a 8.4 percent higher cost (5367,000) in this
element, a direct result of the higher procurement cost of

the manual.

Cost of Inventory Management

The cost of managing the Air Force inventory of spare parts

to support a weapon system. The DAIS configuration would
result in a 132.3 percent cost increase ($303,000) in this element
due to the introduction of new SRUJs for the DAIS.

4.4 COST OF SYSTEM DISPOSAL

The Cost of System Disposal category includes the ewnenses
incurred, as well as any income derived from the termination ot
a weapon system at the end of its economic life. For cxample, these
costs would include salvage value costs such as "mothball” storage.
The Cost of System Disposal category has beer set to zero for this
study for purposes of the DAIS impact analysis since either configuraiton
would have equal (negligible} cost values,

4.5 IMPACT OF STANDARDIZATION

When generating the LCC compar.son in this study, the DAIS
cencept was applied to a single aircratt type and n fixed complemert
of subsystems. The full effect of the concept con be reaiized onlv
by extending its application through standardization across aircraft
tvpes and subsystems, The ciicots of such esxtensions are attemnted
on a tirst-cot basis in this section. This is not meant to be a el
and detfinitive evaluation ot the henetits ottered by standardization
throngh a DAIS design. Rather, it serves as an example of the approach
to use in conducting su hoa stody,

0,51 Fxtending the DAIS Concept Across Atreratt Tyvpes

The design of convent ional avionies tor cach new arroratt
tvpe tends to be ontgoe, having Bittle ino cormon with pirececessor

mreratt, Svstem attordatality candd he enhanced by antrodta g any
G




commonality into future acquisition and retrotit programs. For example,
standardization of DAIS core elements can signiticantly reduce the

net LCC impact of these future aircraft programs. To quantitatively
assess this possible savings, extension of the DAIS concept to additional
aircraft types is evaluated in this section on an LCC basis under

the following hypothetical conditions.

A new aircraft type has a mission that probably diftfers
from the CAS mission. Consequently, the avionics configuration
could also difter from the DAIS or non-DAIS baseline configura-
tions. However, it is assumed that the reliability, maintainability,
and cost parameter values for the new aircraft type are set
equal to baseline values. Using a non-DAIS baseline, avionics
for 72 aircraft ot the added type would have the same LCC
as that for the 72 CAS aircraft. In the case of a DAIS baseline,
the DAIS core common to both aircraft types affects the
cost parameters shown in Table 4.4.

The parameter changes in Table 4.4 reflect the eftect of
standardization of 28 LRUs across two aircraft types. The cost impact
of this specific example of standardization was computed by the
RMCM model as shown in Table 4.5, Table 4.5 indicates that a
$23,653,000 savings in LCC will be realized tor the added DAIS
application. The major contributor to this savings is the $17,236.000
reduction due to standardization of depot SL (whereby the cost of
DAIS depot SE procured to support LLRUSs contained in the baseline
aircraft type is treated as a sunk cost).

An additional result of standardization is the learning cuorve
effect defined as the productivity resulting from an increase in
production quantity, Under this learning curve etfect, the average
unit cost reduces to a certain percentage of its prior value each
time the amount of units to be produced is doubled.

AP

CpP Unit cost for new production unit.

A Unit cost of reference production lot.

P Mew production lot size.

P Reference production lot size,

b Megative exponent defining slope ot loc
linear learning curve.

The slope of the curve is determined by the technology, cost ot

materials, use ot capital, and lessons fearned trom the prior experience,

tsing the avionics indoastry veadoe ot an 85 percent learning orve
sfope (such that CP/A .85 for D'/ 2y theretore, b -.234%), the
impact of the learning curve effect on anit cost is shown i Table 4,
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Table 4.4 — Effect of Standardization on Cost Elements.

Perburbation of
Onginal Value

Rationale for
Perturbation

Nomrecurning

1.

Research &
Development (CRD)

\
|
V
i
|

)

Of the 95 LRUs in the system, only
the 56 sensors and the 11 core LRUs
that interface with those sensors need
any redesign

|

2. Procurement {(CPP) 1C; = Q for core Only sensor SRUs require integration
e Integration Costs (IC) and new quahfication testing
3. Depot Support 1 Use 2/3 of onginal Oniy the sensor SRUs wiil require
Equipment (CDRI) SE costs for SRU additional test stations The LRU test
I repair. stations are now sunk custs. just as the
} ' onginal non-DAIS was treated.
} 4, Software (CSW)) ﬁ] NW Oniy sensor and interface core
| o No. of words (NW) ‘ : elements require new DAIS software
| | | ftor OFP/OTP
. 5. Maintenance Manuals 1 0.7 CJGI ’ Only portions of the manuals
{ (CJGI) ! required for new LRUs.SRUs need
“ l development
. 6. Inventory Management j PA = 0 No new repairable SRUs required for
: tmitiat (CIMI) 1 DAIS core.
. ® No. of repairable ! (
. SRUs (PA) ‘
1
i Recurring
; 7. Maintenance Manual 0.7 CJG The changes corrections required for
Support {CJG) DAIS core information will be
neghigible as time goes on.
" 8. Personnel Training - Course material changes for only
{CPT) portion of core, however, course lengths
. were considered constant for both
L ) , configurations.
b,
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Table 4.5 — Impact of DAIS Application to an Additional Aircraft Type.

Cost of Baseline Cost of Additional Cost

' Impacted Aircraft Type Aircraft Type Impact
~ Cost Elements ($000) {$000) {$000)
!
| Not:recurring
! e CRD 6,210 4,347 -1,863
i e CPP 90,289 89,230 -1,059

e CDRI 23,636 6,400 -17,236
. e CSWI 1,998 200 -1,798
. e CJG 2,095 1,466 -628
| o CIM| 12 4 -8
, Recurring.
| e CJG 2,357 1,650 707 ¢
! e CIM 532 178 354
I
‘ ALCC = 2353
L
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The procurement and spares cost per aircraft decreases with each
additional DAIS application. The net savings per aircraft that results
with each application to an additional aircraft type is also shown

in Table 4.6.

The common subsystem effect, as shown in Table 4.5, and
the learning curve effect in Table 4.6 are combined in Figure 4.1
to show the total effect of standardization on cost per aircraft as
a function of added aircraft types (72 aircraft of each type). These
two effects are shown separately because they are functions of difterent
parameters.

Investment in common DAIS subsystems can be considered
a fixed cost which can be shared acraoss aircraft types. Consequently,
the reduction in LCC due to additional aircraft applications is a
function of the reliability, mecintainability, and cost characteristics
of the common subsystems relative to the characteristics of the
total complement of subsystemns. The learning curve effect tends
to be a function of the number of aircraft and the slope of the
learning curves.

4.5.2 Extending the DAIS Concept Across Subsystems

The extension of the DAIS concept across subsystems can
occur through a retrofit of the defined avionics. Retrofit is a change
in original design resulting in the deletion, substitution, or addition
of a subsystem. To study the impact of a retrofit, a new subsystem
was added to each avionics configuration. This added subsytem exhibits
the same reliability and maintainability characteristics as one selected
from the present configuration in that it consumes the average amount
of maintenance manhours (such as the VHF radio). Mo existing equipment
or wiring needed to be removed to instail this new system.

The impact of the addition of this subsystem on each LCC
element is shown in Table 4.7. The table indicates that the cost
of adding a subsystem is S1,514,000 (41 percent) less for the DAIS
configuration. Savings occur in the nonrecurring and the recurring

cost elements. The recurring cost elements in the non-DAIS contfiguration,

however, dominated the increased costs required to support the new
subsystem.

It should be noted that no software requirement was charged
to the non-DAILS configuration becnuse the new sensor was considered
to require only a switching mechanism. To make a cost comparison
tor a retrofit involving extensive software change, consider the case
where a new navigation sobsystem is added, The sottware reqoired
for the non-DAIS contiguration indicated an increased intial cost
of 5604,000 as compared to $27.000 tor the DAIS contiguration.
The cost of adding this navigation sobsvstem s 2,093,000 (4 percent)
less tor DALS contiquration in respect ta the conventional avionics.
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Table 4.7 - Cost Impact of Adding a Subsystem -

Conventional + DAIS +
One New One New
Conventional Subsystem DAIS Subsystem

Cost Categories ($000) ($000) (3000) ($000)
Non-Recurring (NR):

e CRD 5, 340 5, 341 6,210 6,210

e CPP 67,719 68, 587 90, 289 91,102

e CSPI 16, 742 16,820 14, 330 14,396

e CSEI 15, 051 15,660 17,697 17,697

e CJGI 1,769 1,821 2,095 2,164 '

e CIMI 5 6 12 13

e CDRI 22,176 22,176 23,636 23,636

e CSWI 5,317 5,317 1,998 2,000
Recurring (R):

e COM 26,682 27,211 13, 554 13, 856

e CSM 22,856 23,480 14,419 14,875

e CPT 13, 153 13,492 8,330 8,531

e CSP 11, 824 11,892 10, 344 10,402

e CDR 33,767 33,904 27,799 27,915

e CSE 6,752 7,057 8,356 8, 356

e CJG 1,990 2,048 2,357 2,435

e CIM 229 287 532 583

e CSW 4,209 4,209 2,562 2,562
LCC (NR*R) $255,581  $259,308 3244, 520  $246,733 ‘,
A LCC + 3,727 = 2,213 I

}
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The estimate is based on the non-DAIS configuration requiring an
additional 6746 words as compared to only 1600 more words required
by the DAIS.

4.6 INFLATION EFFECTS

Inflation has an effect on the Recurring Costs category. The
DAIS concept has already shown a recurring cost advantage over
the DAIS concept. The reductions in operational support requirements
permitted by the DAIS affect the cost drivers hit hardest by inflation.
An inflation factor was applied to clarify this additional cost advantage
of a DAIS implementation.

Table 4.8 (which is plotted in Figure 4.2) indicates the effeci
of adding a six percent inflation rate to the recurring cost components
of LCC. When inflation is not considered, the DAIS avionics suite
(dashed line in Figure 4.2) is shown as capable of avoiding approximately
SI1 million (4.3 percent) of the $256 million estimated as the LCC
of the comparable conventional avionics suite (dotted line in Figure 4.2).
However, if inflation is considered over a {5-year span in the calcula- ’
tions, the DAIS cost avoidance potential jumps to $30.7 million which
is 9.4 percent of the $328 million LCC for the conventional avionics.

It should be noted that, for practical purposes, the initial
procurement cost which is higher for DAIS than for conventional
avionics is essentially not affected by inflation (all nonrecurring
costs occur in base year). The combination of effects acts to more
quickly offset the higher initial acquisition cost of a DAIS package.
This fact is illustrated by the crossover point of the comparative
cumulative cost curves (shown in Figure 4.2) moving to a lesser
number of years because of inflation.

4.7 EFFECT OF THE DAIS COMNCEPT OM SERVICE AVAILABILITY

One of the products of the RMCM computer program (see
Output Report 6) is the calculation of the inherent availability for
each subsystem, using the tollowing equation for flightline maintenance
events,

MFHBMA

A - GFEBMA - MTTR

Moitiplying the subsystem valoes for A tor each contiquration shows
that the total service availabilityv ot DAIS is (L3321, which is 86 percent
higher than the (L1781 valne tor the non-DAILS. Althoogh this measore
ot readiness cannot be equated to dollars, it s a major concern

to the VISAE using commands.




Taole 4.8 - Effect of Six Percent Inflation on LCC.

A - Conventional Avionics LCC

%
*ADJLCC 1976 Dollars Inflated Change
NR 1976 134,118, 840 134, 118, 840 0
RC 1977 8,097.481 8, 340, 405 3.0
RC 1978 8,097,481 8, 840, 830 9.2
RC 1979 8,097,481 9,371,280 15,7
RC 1980 8, 097, 481 9,933,556 22,17
RC 1981 8, 097, 481 10, 539, 570 30.0
RC 1982 8.097.481 11, 161, 344 37.8
RC 1983 8,097,481 11,831,035 46.1
RC 1984 8.097,481 13,540, 886 54,9
RC 1985 8.097,481 13,293, 340 64,2
RC 1986 8.097,481 14, 090, 940 74.0
RC 1987 8,097,481 14,936, 396 84.5
RC 1988 8,097,481 15, 832,580 95.5
RC 1989 8,097,481 16, 782, 535 107.3
RC 1990 8,097,481 17,789,487 119.7
RC 1991 8,097,481 18,856, 857 132.9
DP 1992 0 0 0
Total 255,581,070 328,249,876 28.4

B - DAIS LCC

EA
*ADJL.CC 1976 Dollars Inflated Change
NR 1976 156, 266, 242 156,366, 242 208.5
RC 1977 5, 883, 566 6,060,073 3.0
RC 1978 5,883, 566 6,423,677 9.2
RC 1979 5,883, 566 6, 809, 098 15.7
RC 1980 5,883, 566 7,217,644 23,7
RC 1981 5, 883, 566 7,650,703 30.0
RC 1982 5,883, 566 8, 109, 745 37.8
RC 1983 5,883, 566 8, 596, 330 46. 1
RC 1984 5, 883, 566 9,112,110 54.9
RC 1985 5,883, 566 9,658,836 64,2
RC 1986 5,883, 566 10, 238, 366 74.0
RC 1987 5, 883, 566 10,853,668 84.5
RC 1988 5,883, 566 11,503, 839 95.5
RC 1989 5, 883, 566 12, 194, 058 107.3
RC 1990 5,883, 566 12,925, 702 119, 7
RC 1991 5,883, 566 13,701,244 132.9
DP 1992 0 0 0
Total 244,519, 733 297, 320, 335 21.3
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V. CONCLUSIONS AND RECOMMENDATIONS

The LCC comparison of this study between a DAIS avionics
suite and a conventional avionics suite for a specific CAS mission
showed that DAIS had a lower (4.3 percent) LCC at the end of 15 years
of operation (refer to Figure 5.1). It had a considerably higher (16.5 per-
cent) nonrecurring cost than the conventional avionics, mainly because
the increased procurement cost (CPP) outweighed the savings in
spares (CSPI1) and software acquisition (CSWI). This is illustrated
in Figure 5.2 which provides a comparative histogram of the contributions
that each nonrecurring cost (NRC) element makes to the LCC of
both avionics configurations. All other NRC elements were higher
for DAIS with the costs of R&D (CRD), dept support acquisition
(CDRI), and field support equipment acquisition (CSEI) as the major
contributors totalling increased costs of approximately $5,000,000
over the conventional avionics. It should be noted that the depot
support equipment acquisition cost for the non-DAIS confiquration
was treated as a sunk cost. If considered as a new buy, this cost
would have totalled $11,000,000 and the nonrecurring costs of the
conventional would exceed the DAIS configuration by 56,000,000,
Cost increases resulting from maintenance manual acquisition and
inventory management elements were insignificant in terms of their
dolfar value.

Figure 5.3 provides the comparative histograms for the recirring
cost element contributions to LCC. The recurring costs of DAIS
were 27.3 percent lower than the conventional avionics, mainly bhecause
its concept results in R&M characteristics which demand less on-
equipment maintenance (COM), less shop maintenance ((CSM), and less
depot repair (CDR).

The comparative impact of an avionics retrofit program was
evaluated by adding a typical subsystem, with minor sottware reqiire-
ments, to both a conventional and a DAIS contiguration. The resclts
showed that the DAIS has a potential uninflated $1.9 million advantage
in LCC over the conventional configuration if the avionics retrofit
of 72 aircraft occurred in the first year.

An example of an operational term that benefits trom a DAL
configuration is the 88 percent improvement in service availability
that it provides. Although this measure of readiness cannot be equated
to dollars, it is of natural concern to the TISAE sing command,

The LCC comparison presented in this report represents two
sets ot cost estimates tor a parhicular set of conditions. The ot
analysis is based on the best available data and, theretore, it s
recommended that the resolts bhe established as a baseline tor tidore
DALS trade-otf <tudies of alternative sets ot conditions, in addition,
s recommended that the historical data be replaced by data trom
actoal DATS coguiprment as it hecomes available <o that the Lo

assessment can b nopntonned coorrent,
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The substantiating data and assumptions provided in this repcrt

are sufficiently detailed so that management can readily analyze the
potential for cost savings and improved capability exhibited by the
DAIS concept. Although the LCC savings of the basic DAIS design
over a conventional avionics design appears to be modest at first,
the true potential is appreciated only when the following conditions
are considered in depth.

Cost savings to be realized from standardization across aircraft
types.

High cost of aircraft retrofit programs particularly when software
changes and rewiring are involved.

Cost reduction due to consolidation of support facilities.

increased performance of processors, displays, and software
that offset the acquisition cost of DAIS,

DAIS cost avoidance potential because of its lower recurring
costs which are susceptible to inflation.

¥




4.

Rt cReiee S

unclowski, J.o., J.M. Llusier, x.no nistlier, M A, oristol, m.h,
BdTaY, Ulgitdl avinnics information system (Whisi: Jifte o o cUsl

impact mouepling system reliaguility, maintaingoiiity, anu cost aoues

(RMLM) =-0PsCTIptina usPIs  guiul.  Artke-TR=7v-00.  #rignt-ruatiersun
fro, JH: Cogistics ang Tecnnical Training uvivision, Alr force nuwa?
ReSNUrces Launrfatory, August lzou. (Au-fuoy uaD)

cZucnry, ALd., Ko, woyle, Jobo rruen, moAL saran, .o, uieteriy,
ulgital avionics Information system (Whady: Tralning  reguir=eents

dNdlysis mogrl \TRAMUU).  AFrRe-TR=70-2511), ACignat-Patterson Ao,
Ur: Ravancey Systeas uivision, Alr 7orce maila? KP-0ulcrs Cau0Talor,,
fpril 974, (RU-Auoe 4/u)

ceuenity, ALJd., Jor. wlasier, non nistier, w.h, oristor, HoAL Baran,

Uaio. Jieterly, ulgital  aviuvnics intormation systei wwhin)
Relfaulility ang maintainguility NN 4ot Ui,
AFHRL-TR-78-2(L1), wWrignt-Pctierson  Aro,  un: Lavancey  Systeis

Divisinn, Alr force Huind? ResOurcrs LaUUTaltury, Apric lz/s. Jhu-iouo
dlo)

Goclowski, J.l., & AJAL paTan, ulgital avionics infoDmalion systea

(DATS) : Life cycle cost impact mogrling system (celuv)=-A iilgNayerial
OVEIVieW,  AFHRL=TR=/Y-04. ALigNt-Palterson Arn, un: Wi, latlics a™u
TecnniCal Training uivision, Air rorce tuna® nesOurces  _auuratory,
NovenoeT 178U,  (Au-fuys szol)




BIBLIOGRAPHY

At HEL/ASD, Dynamics Reseﬂrch Corpormion f\eport E-473500. Technical

“_'f! rlthmsj August |°78

>

ir Force Manual 177-101. Basic systems at base level, Washington,
D.C.: Department of the Air Force, | August 1268,

>

ir Force Manpower Source Listing for A-7D Maintenance Functions
at England AFB. Langley Air torce Base, Virginia: 4400
Management Engineering Squadron, Tactical Air Command,
October 1977,

b

ir Force Manual 50-5. USAF formal schools catalog: Course announce-
ment, Volume Il. Washington, D.C.: Department of the Air
Force, | September 1976.

Air Force Table ot Allowances 293. USAF series A-7D weapon system.
Washington. D.C.: Department of the Air Force, December 975,

Air Force Table of Allowances 282, USAF series F-15 weapon system.
Washington, D.C.: Department of the Air Force, January [976.

A

-

Force Regulation 65-57. Uniform clothing ollowances for airmen.
Washington, D.C.: Department of the Air Force, 30 September 1975,

Balkovich, E. E. A method of estimating the cost of avionics software.

RM-1982. General Research Corporation, Santa Barbara, CA|
May 1275,

Betaque, Jr., T B M. R Fiorello. Aircraft svstem operating and

support costs: Guidelines for nnol‘/s:x Logistics sianadement

Institute, March 1977,

Brodnax, C. T. A conceptual study for a digital «71\/_i(>r5hrs_u;n;forr ation

system (Approach 0. Wright-Patterson” AP CHi: Ajr Force
Avionics Laboratory, Air Force Systems Commandg, Maren 1974,

Brooks, F. Jr.. The mythical man-month. Addison-Weslev Publishing
Compnrw Reading. MA., 175,

Brown, 'L Do Go A Walker, D, Ho Wilson. Lite cvole cost ot -] it
weapon svstern, Al HBRL-TR-77-06, Wright-Datterson Aar S aree

Pase. Advanced Systerns Division. Air L oree Foman Flesonro es
Laboratory, ol 1277, 7 =T o

« Computer program e V(]()pr'wnf spec ific ation for operational le)M
progmm applications \()H\A/rm DA mifssion ;\ Tope -5, SA20

Pt Wright- Datterson AL, TG Svaterms Avaonie s 1 maon,
YAIS Advanced Developrnent Proagram Ordce, oty 10,

65

} HECED1NG PAGE BLANK-NOT F1.ED

e M

e —— -




Czuchry, A. J., K. M, Doyle, J. T. Frueh, H. A. Baran and D. L.
Dieterly. Digital avionics information system (DAIS): Training
requirements analysis model users guide. AFHRL-TR-78-58 (11).
Wright-Patterson AFB, OH: Advanced Systems Division, Air
Force Human Resources Laboratory, September 1978, (fo-ro-l 2z,

Czuchry, A. J., J. M. Glasier, R. H. Kistler, M. A. Bristol. H. A.
Baran and D. L. Dieterly. Digital avionics information system
(DAIS): Reliability and maintainability model. AFHRL-TR-78-2 (1).
Wright-Patterson AFB, OH: Advanced Systems Division Air
Force Human Resources Laboratory, April 1278, fu~Fows ooy

czacnty, fLd., R Kistler, Jgom. slasier, s A, Jri»tul, M. AL paran,

u.L.  uleterly. uilgital avionics  infermation  systea (Jhudis
Rellauility dand maintainaoility NoJE L useT o Juiur.
LrARL-TR=-78-2\11), wrignt-rPatterscn  Aro, un: Luvanced  Systris

4 Jivisinn, Air rorce auila? Re-0ulcrs caudTalory, Auric iz/o. (Ru-fuoo
320)

Czuchry, A. J., H. E. Engel, J. M. Glasier, M. A. Bristol, H. A.
Baran, D. L. Dieterly. Digital avionics information systermn
(DAIS): Mid-1980s maintenance task analysis. AFHRL-TR-77-45,
Wright-Patterson AFB, OH: Advanced Systems Division. Air
Force Human Resources Laboratory, July 1277, (fu=fUas 500

Czuchry, A. J., H. E. Engel, R. A. Dowd. H. A. Baran, D. L. Dieterly,
. Greene. A mid-1980s digital avionics information svstem
conceptual design configuration. AFHRL-TR-76-59, Wright-

Patterson AFB, OH: Advanced Systems Division. Air Force

Human Resources Laboratory., July 1976, (fu-tusl 12/,

Daley, E. G. Management of software developmem IECE Transactions
on Software Engineering, Vol. SE-3. Tlo. 3, May 1277.

Dover, L. E., W. E. Oswald, Jr.. A summary and analysis of selected

life cycle costing techniques and models.” AFIT Report Ilumber

SLSR 18-74B. AD-787183. Wright-Patterson AFB, OH: Air
Force Institute of Technology, Augnst 1974,

Dunham, A. D. Estimated cost of or-the-job 1 training to the 3-<kill

Iovel in the communications center operations s,x(mltv AT HIAL -

TR-72-56. AD-753 023, Lacklaond Air fOrrn f3ase, Texas: Prrsonnel
Research Division, Air Force Human Rescorces [Laboratory,
June 1972,

£h

1

el




Drake Ilf, W. F., R. R. Fisher, J. R. Younger. Logistics composite
model users reference guide. AFLC Report 70-1, AD-7033328.
Wright-Patterson AFB, OH: Headquarters, Air Force Logistics
Command, January 1970.

Orake 1, W. F.. Logistics composite model users reference guide
update: 1970-1974 Enhancement. AFLC/ADDR Report 74-1,
Wright-Patterson AFB, OH: Headquarters, Air Force Logistics
Command, November 1274,

Engel, H. E., J. M. Glasier, R. A. Dowd, M. A. Bristol, H. A. Baran,
and D. L. Dieterly. Digital avionics information system (DAIS):
Current maintenance task analysis. AFHRL-TR-76-71, Wright-
Patterson AFB, OH: Advanced Systems Division, Air Force
Human Resources Laboratory, October 1976, [r -rfyss woo

Fiorello, M. Estimating life-cycle costs: A case study of the A-7D.
Rand Corporation, R-1518-PR, February 1975.

Gates, R. K., M. J. Abraham. Program LCC documentation-version 2.
TR-474-3, Wright-Patterson Al-B, OH: Aeronautical Systems
Division, Air Force Systems Command, 28 April 1276.

Goclnwski, J.l., f.J. LOrdso, S.o. PPsko2, A A, partan,  ALlr rarce
oerso el aviilavility  analysis:  Prograin uescription  fer Uk

DRCSONAR ] gvatlauility model.  Arpni-Tr-/y-vo. ATignt-ralierson Lo,
Jit: Lngistics ana Teennical Training uivision, Air rorcee  tuna?
HKRSOUTC=s LaunTatory, August lrou.  (hu-fuso suu)

GCoctlowski, J. C., G. F. King, P. G. Ronco. Integration and application
of human resource technologies in weapon system design: Processes
for the coordinated application of five human resovrce
technologies. Al HRL-TR=78-6 (1), Wright-Patterson A3, OH:

Advanced Systems Division, Air Force Human Resources Laboratory.
March 1978, (fu-Tuso voli

GO0 NWsR L, Jai., & r AL paran, Uuigital avionics informativn systei

(DATS): 1ite cyclm Cost gt N T e e A WIS PP

PyRTyiew,  Abdrc-TR=//-ba.  aligiil=ratlersen Lo, wuil cogistios oo
Teonaiegl Training uivision, AT J0T0r funia) wsaralfoes caonfatoly,

wovesioeT L rod. (Ro=hoss col)

R PV DO TS * AN PORT IR NS SUR TR CDURL AN RTINSO o S A
71.1". Hald™, HAJ.Y 1. J/il‘qi\f.w A‘f )it Lo Ny R \_)ﬁ‘\;l; L:.T" (JL'.P"
Civa :.’IIU et HI“\}"‘. i"q Lw)/;t*‘[ll r"‘. 1.,4:. . :“t'I) ‘||qi"(q1"~)ui A 11 ) FIAIURENIR IO
ITENEN MU ) =R e TR Ton ST~ FLE R T A P
Wt =gt Faramny Lo, o w0, iatien g Tecnm o Tral e olvis oy,

PETOIOT R g™ weanateRs Caun Talory, Dot Lo To=Bo s e




Graver, C. A., E. E. Batkovich, W. M. Carriere, R. Thibodean. Cost
report_elements and activity cost tradeoffs for defense system

software. GRC Report #CR-1-721. General Research Corp..
Santa Barbara, CA, Tlovember |976.

Hardy, C. A. Avionic reliability and life cycle cost partnership. AD/A-1)23
671, General Dynamics Corporation, 1975.

Hicks, V. B., D. C. Tetmeyer. Simulating maintenance manning for
new weapon systems: Data base management programs. AFHRL-

TR-74-97(1V), AD-A011989. Wright-Patterson AFB, OH: Advanced

Systems Division, Air Force Human Resources Laboratory,

December 974,

Logistics support cost model user's handbook. Wright-Patterson AF{3,
OH: Air Force Logistics Command, June 1975, r

MacKenzie, W. D. Avionics information system life cycle cost mode!. ‘
Mechanics Research lnc., August 14, 1973, ¥

|
I

Maher, F. A.,, M. L. York. Simulating maintenance manning for new
weapcn systems: Maintenance manpower management durmg
weapon system development. AFHRL-TR-74-27 (). AD-AUI1986.
Wright-Patterson AFB, OH: Advanced Systems Division, Air
Force Human Resources Laboratory, December 974, 1

Management data lists of all federal stock catalog classes, F5SC number
MU-AF. Defense Logistics Agency, Battle Creeke, Michigan,
Joly 1976,

D 0 el gttt

Military Standard 7218, Definitions for effectiveness terms for
reliability, maintainability, human tactors, and safety. 25 Auvqgust
1966. T

Model A-70 integrated configuration list tor aircratt serial numbers
AT £8-82720, AT 6828225 through AF&8-8321, and AT49-6188
through AP AF 63-6244, 2-STT40/9R-8252: Vonth Aeronautics Division,

LTV Aemspnce (orpormmn. February |, 1271,

Moody. W. D., D. C. Tetmeyer, 5. R, llichols. Simulating maintenance

nmnmn(‘; for new weapon systems: Manpower progmms AFHRL -
TP.7h207 (), AD-ADTTO90. Wright-Patterson AT, OH: Advanced
Gystems ivision, Air Force Homan Resovrces Lwhomtnrv. i
December 1974, )

Helson, 1 120, P . Dev, M. 2L Tiorellos Jo 120 Gebman, (. L Smith, 4

A, ‘)We"vtlrmd A weapon-system life cvele overview: The A-7D |
expertence. il SIS0 Hand ¢ nrpor(mon, "October 1977,
P crsnnml procorement cost report. HCS: DD-MSA)IY 6. 1 duly 1976 -
september 1974, !
33e%

| — ,_,“,________J- - '




Peel, 2. L., Co B, Totey, W. L. Johnson. Weapon system support cost

reduction study. ADS27 2450, ASD/XIR72-4%9, Wright-Patterson

AFB, OH: Aeronautical Systerms Division, ASD/XRV. June 1972,

SRS oo, Loul Jumain, r. NOTANauseT . lile deve Lot ar g

MeLNOJ0l0 gy Tor PsCimaling  tne  ost  of  AIr ruree 0n-Uie-
tr"xi'“i’*z. Lt = Tr= fa-Da, calrlad ALT rOree saoe

Lo
, Tesus: Y dwre T
AT TR0l sy steis ulvision, AT FOrce Auin® sesUulces Caonlalor,,

| 1

Lot Ru=Tou lal

svstern specification for the digital avionics information systemn.
SA 100 T00A. Wright-Patterson AFB, OH: Systems Avionics
Division, DAIS Advanced Development Program Office, July 19

77
Tetmever, 20 Co0 W DL Moody. Simulating maintenance manning
tor new weapon systems: Building and operating a simulation
model. ATHRL-TR-74-27 (i), Wright-Patterson AFB, OF: Advanced
Systems Division, Air Force Human Resources Laboratory.,
December 1974, (fu-" 10 737

Tetmever, D, C., 5o B Tlichols, R M. Deermn. Simulating maintenance

manning for new weapon svstems: Maintenance data analvsis
program. AFHRL-TR-74-27 (1l1), AD-A025342. Wright-Patterson
AFB, OH: Advanced Systems Division, Air Force Human Pesorreces

Laboratorvy, December 1975,

Training course cost report. RCSHAF-ACM(A)7 108,

Trammar, Mo L. Analvsis of DAIS mission software (MS) costs. DAIS
Software Feport #4, Wright-Patterson AFB. OF: Systemns Avionies
Division, DALS Advanced Development Program Oftice, Augost
171
S

PISAE L Alr Foree Regolation 173-10, Volume [ Cost analvsiss TISALR
~ost oand planning factors (L), 4 September 19274,

Yendt, B AL Sottware support tor the F-1A avionicscorpters Adr

i orce Institute of Technology, Mright-Pratterson AU i,
December 12750 AD-AQ20361,

Nolverton, ©0 W, The cost ot developing large-scale sottware, it

B, Jone e

Transac tions on Computers, Vol (7224




ACROMYMS
AFAL Air Force wvionics laboratory
AFSC Air Force specialty codes
BCH) bus control interface unit
BITE built-in test equipment
CAS close-air-support
CER cost estimating relationship
CITS central integrated test system
CcriD cannot duplicate discrepancy
DAIS digital avionics information systern
D15SPs display processes
ECM electronic countermedsores
EQUIPs equipment processes
IMA intermediate maintenance activity
LCC lite cycle cost
LCCIM life cycle cost impact model '
LCOM logistics cormposite model
LR line replaceable unit
LSC logistics support cost
MEFHBMA mean flight-hours between maintenance aetions
MMH/FH maintenance manhours per flight-hour
MTTR mean time to repair
MUK multiplex
HIRC nonrecurring costs
OFP operational tlight program
oPS operational sequencers
OTP operntional fest program
PALEFAC  partitioning. anafvzing, and e editine fociity
PBFH neak base flving hoors
20 recurring costs
R&D research and developiment
&N reliability and maintameabiloty
FRMCM reliabilitv, nepotaimabilitye cost e
ROC required operational capability
2T renote terranol gt
SDVS sottware desian and vertbication ccten
S SHLDOr T eanipment
SPEC specialist tonctions
Sy shop replaceable onit
TRANMOD training regoirenents analvsis or ok
NSAP senpon svstern aoquisilion process
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GLOSSARY OF COST ELEMETITS

system disposal

depot raintenance

initial depot support equipment
new or additional facilities

fuel

inventory management
inventory management initial
supporting maintenance manuals
initial maintenance manuals
operation

support investment
on-equipment maintenance
operations personnel

project management
procurement

maintenance personnel training
initial maintenance personnel training
research and development
support

maintaining support equipment
base level support equipment investment
systermn investment

intermediate shop rmaintenance
replacement spares

spares investment

software support

software acquisition







